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然而，VEGFc 的受体有 VEGF 受体 2（VEGFr2）和 VEGF 受体 3（VEGFr3），
VEGFc 的主要作用被认为是通过 VEGFr3，促进新生淋巴管的形成；VEGFc 通
过 VEGFr3 促进新生血管形成的机制目前仍不清楚。由于 Notch 能通过启动转
录因子 Hes1，调节 VEGFr3 的表达，加强 VEGFc 的功能；MMP13 能通过降解
细胞外基质中的胶原纤维，促进新生血管的形成。因此，VEGFc 促进新生血管
形成的机制，有可能是通过 Notch 信号通路及 MMP13 的途径。然而，目前有关
VEGFc 通过 Notch 信号通路及 MMP13 促进新生血管形成的机制尚未见报道，




















Notch4、MMP13 和 Hes1 蛋白和 mRNA 的表达都随新生血管的增多而增加， 
Col1A2 蛋白和 mRNA 的表达随新生血管的增多而减少；VEGFc 和 MMP13 
mRNA 除表达在新生血管的内皮细胞外，也显著表达在角膜基质细胞和上皮细
胞；MMP13 选择性抑制剂 444283 能恢复 Col1A2 蛋白的表达，减少角膜新生血
管的形成；而 VEGFa 蛋白的表达并不随新生血管的增多而增加，VEGFr2 蛋白
的表达则随新生血管的增多而减少。表明 VEGFc、VEGFr3、Notch4、MMP13、
Hes1 和 Col1A2 参与了角膜新生血管的形成，而 VEGFa 和 VEGFr2 与角膜新生
血管的形成并无关联。体外培养的角膜基质细胞和上皮细胞的实验结果显示，
VEGFc 能促进 VEGFr3 Notch4、Hes1、MMP13 的表达，抑制 Col1A2 的表达；
VEGFc 抑制 Col1A2 的表达，是通过上调 Notch4/Hes1 和/或 MMP13/Hes1 表达
的途径，能分别被 γ-secretase inhibitor DAPT 和 MMP13 选择性抑制剂 444283 所
阻断。体外培养的角膜基质细胞和上皮细胞的实验结果表明，在角膜新生血管形
成过程中，VEGFc 能分别通过上调 Notch4/Hes1 和/或 MMP13/Hes1 表达的途径，

























Normal cornea without blood vessels are transparency, it is one of the most 
important refractive media of eye.The formation of corneal neovascularization is 
corneal pathological changes which is caused by a variety of local and systemic 
disease , it will not only loses the corneal transparency, affects vision and causes 
blindness, but also lead to corneal transplantation immune rejection.The exact 
formational mechanism of corneal neovascularization is still unclear.Corneal 
vascularization is an eye doctor has been facing a very difficult problem, how to treat 
angiogenesis is currently a hotspot in the research of ophthalmology.This paper aims 
to study the role of vascular endothelial growth factor C (VEGFc) is to activate Notch 
signal pathway and matrix metalloproteinase -13 (MMP13) for inhibiting the 
production of type I collagen in corneal stromal cells and epithelial cells ,to discuss 
the new mechanisms of corneal neovascularization, to provide theoretical basis for the 
development of clinical treatment and new drug for corneal 
neovascularization.Previous studies of corneal neovascularization mechanism are 
focused on the vascular endothelial cells affected by angiogenic factors and related 
signal pathway forming the "budding" growth grocess for neovascularization through 
extracellular matrix degradation, proliferation, migration , but the mechanism-the 
extracellular matrix produced by the stromal cells and epithelial cells is suppressed by 
angiogenic factors and related signaling pathway,thereby promotes the formation of 
neovascularization -was completely ignored. Research shows, VEGFc whether 
complete polypeptide precursor , or  the mature protein by hydrolysis, can promote 
the formation of new blood vessels. However, VEGFc receptors are VEGF receptor 2 
(VEGFr2) and VEGF receptor 3 (VEGFr3), the main function of VEGFc promote the 
formation of new lymphatic vessel by VEGFr3 ; the mechanisms of VEGFc through 
VEGFr3 promoting angiogenesis is still unclear. Because Notch can activate the 
transcription factor Hes1, regulate the expression of  VEGFr3, strengthen the 















degrading the extracellular matrix collagen fibers, Therefore, the mechanism of 
VEGFc promoting neovascularization is likely through Notch signaling pathway and 
MMP13. However, at present the mechanism of  VEGFc through the Notch 
signaling pathway and MMP13 promoting angiogenesis has not been reported, the 
mechanism of corneal stromal and epithelial cells in the presence of VEGFc inhibiting 
extracellular matrix production by Notch signal pathway and MMP13 has not been 
studied . Therefore,this paper aims to study the mechanism of VEGFc promoting 
corneal angiogenesis through  Notch4 ，the transcription factor Hes1 and MMP13 by 
the corneal neovascularization induced by alkali burn in the rat and the cultivation of 
rat cornea stromal cells and epithelial in vitro, by RT-PCR, Western blot, in situ 
hybridization and immunohistochemistry staining detection method. 
Alkali burn induced corneal neovascularization in rats model results show, the 
protein and mRNA expression of VEGFc, VEGFr3, Notch4, MMP13 and Hes1 
increase along with the increase of neovascularization , the protein and mRNA 
expression of Col1A2 decrease along with increasing neovascularization; VEGFc and 
MMP13 mRNA expression  are in endothelial cells of angiogenesis and also 
expressed in corneal stromal and epithelial cells; MMP13 selective inhibitors 444283  
can restore Col1A2 protein expression , reduce the formation of corneal 
neovascularization; while the expression of VEGFa protein doesnot  increase along 
with increased angiogenesis , and the expression of  VEGFr2 protein decrease along 
with increasing neovascularization. It is showed that VEGFc, VEGFr3, Notch4, 
MMP13, Hes1 and Col1A2 is involved in the formation of corneal neovascularization 
and the formation of VEGFa and VEGFr2 are no correlation with the corneal 
neovascularization.In vitro, cultured corneal stromal cells and epithelial cells 
experimental results show, VEGFc can promote the expression of VEGFr3 Notch4, 
Hes1, MMP13 and inhibite the expression of Col1A2; the inhibition of expression of 
Col1A2 by VEGFc, is through the up-regulation of Notch4/Hes1 and / or 
MMP13/Hes1 expression, respectively byγ -secretase inhibitor DAPT and selective 
inhibitor of MMP13 444283 blocking.  Results in vitro showed that, during the 















up-regulation of Notch4/Hes1 and / or MMP13/Hes1 expression, inhibit the 
production of Col1A2, thereby promoting the formation of corneal 
neovascularization. 
The research results show that, in the angiogenesis process, angiogenic factors 
and related signaling pathway, not only through  the "budding" mechanism of 
vascular endothelial cells degrading   extracellular matrix , proliferation and 
migration , but also through the inhibition of extracellular matrix expression produced 
by corneal stromal cells and epithelial cells, promote the formation of corneal 
neovascularization.Therefore, the restoration of extracellular matrix produced by 
corneal stromal cells and epithelial cells,  is a new way for the treatment of corneal 
neovascularization. Selective inhibitors of MMP13 444283 can be used for the 
treatment of corneal neovascularization.   
 
Key words: Vascular endothelial growth factor c (VEGFc) , 
VEGFr3,Notch4 ,Hes1,matrix metalloproteinases 13 (MMP13),Col1A2 
 













































VEGF[13-17]。 VEGF 通过其特异性受体 VEGFr 发挥生物学功能。VEGFr 家族
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